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Replacement  of  the  black  powder  in  hand-held  signal  flares  with  energetic  materials 
of  more  consistent  combustion  properties  is  being  studied.  The  black  powder  is 
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functions.  Linear  burn  rates  of  pressed  materials  were  determined  over  the  pressure 
range  of  2  MPa  to  4  MPa  for  Goex  black  powder,  Pyrodex  RS,  and  four  black-powdar 
substitutes.  Fixtures  were  designed  and  instrumented  to  simulate  those  flare 
functions  requiring  granular  forma  of  the  energetic  material.  Temperature  and 
pressure  data  from  theae  fixtures  permit  a  comparison  of  the  performance  of  the 
candidate  substitutes  relative  to  black  powder  in  the  motor-ignition  and  payload- 
expulsion  phases  of  the  flare  operation. 
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1.  INTRODUCTION 


This  work  is  part  of  the  task  to  find  energetic  materials  to  replace  black  powder 
in  the  hand-held  signal  flare  (e.g.,  SIGNAL,  ILLUMINATION,  GROUND  RED  STAR, 
CLUSTER,  Ml  58).  This  device  is  a  percussion-fired  item  in  which  a  granulated  black- 
powder  charge  ejects  a  small  rocket  from  a  hand-held  launcher.  The  motor  of  the  rocket 
consists  of  hollow  cylinders  of  pressed  black  powder  which  are  ignited  during  launch. 
As  the  motor  charge  is  consumed,  a  delay  pellet  of  pressed  black  powder  bums  along 
a  connecting  passage.  When  this  delay  charge  is  consumed,  a  granulated  black-powder 
expelling  charge  is  ignited  to  deploy  and  ignite  the  flare  mixture.  This  device  utilizes  the 
recognized  positive  characteristics  of  black  powder  such  as  small  pressure  exponent  of 
bum  rate,  ease  of  ignitability,  and  utility  in  the  ignition  of  other  materials.  Conventional 
black  powder,  however,  exhibits  an  undesirable  degree  of  variability  in  its  performance, 
a  trait  generally  attributed  to  its  charcoal  component.  Consequently,  one  direction  of  the 
effort  has  been  to  replace  the  charcoal  in  black  powder  with  a  single  organic  compound 
to  reduce  the  uncertainty  in  pyrolized  natural  wood  composition.1 

Four  of  these  charcoal-substitutes  were  utilized  by  Picatinny  Arsenal  to  fabricate 
four  black-powder  substitute  materials.  These  items  were  in  the  form  of  fine  powder  for 
pressing  into  sticks.  The  charcoal-substituted  materials  were  not  provided  in  Class  5 
granular  form  for  testing  in  the  granular-charge  fixtures  to  be  described.  In  addition, 
Pyrodex  RS,  manufactured  by  the  Hodgdon  Powder  Co.  was  supplied  by  the  manufacturer 
for  testing.  This  material  is  granular  with  a  particle  size  just  under  Class  5  and  could  be 
used  to  form  pressed  sticks  as  well  as  compared  with  black  powder  in  the  loose-charge 
combustion  teste.  The  linear  burning  rates  of  the  pressed  materials  over  the  operating 
pressures  of  the  flare  were  measured  along  with  pressed  Goex  black  powder  as  a 
baseline.  The  performance  of  black  powder  and  Pyrodex  RS  in  the  granular-charge 
applications  were  tested  in  special  fixtures  designed  to  mimic  the  internal  geometry  of  the 
flare.  Pressures  and  temperatures  produced  by  these  two  materials  were  measured  in 
these  fixtures.  The  resulting  data  provide  a  basis  for  judging  the  probable  performance 
of  these  materials  relative  to  black  powder  with  respect  to  the  various  functions  of 
energetic  material  in  the  flare. 

2.  FORMULATIONS 

The  black  powder  is  assumed  to  be  a  standard  potassium  nitrate  (75%),  sulfur 
(10%),  charcoal  (15%)  formulation.  The  substitutes  replace  the  charcoal  with  the  chosen 
organic  compound.  The  four  compounds  chosen  for  this  effort  are  phenolpthalein, 
fluorescein,  anthraflavic  acid,  and  isopthalic  acid.  The  formulation  of  Pyrodex  is 
proprietary  information. 

3.  PRESSED-MATERIAL  COMBUSTION  TESTS 


The  samples  were  pressed  in  custom  dies  from  SPECAC  (l  ent,  England).  The  die 
bore  is  6  mm  in  diameter  by  65  mm  long.  A  Carver  Laboratory  Press  with  a  12  ton 
hydraulic  jack  was  used  to  apply  force  to  the  die  pistons.  The  press  was  calibrated 
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against  a  force  ring  from  Morehouse  Instrument  Co.  at  13350  N  (3000  pounds)  and 
17800  N  (4000  pounds). 

Initial  pressing  tests  were  performed  with  potassium  nitrate  as  a  simulant  for  the 
black  powder.  Dry  pressing  of  the  material  proved  to  be  a  problem.  The  samples  would 
chatter  during  pressing  from  the  die  and  pulverize  or  bteak  into  short  pieces.  Previous 
work  (Sasse)  reported  success  at  low  percentile  water  addition.  A  light  application  of 
WD40  to  the  die  and  2  wt  %  water  to  the  powder  resulted  in  samples  that  were  generally 
removed  from  the  die  easily  and  were  of  uniform  translucent  appearance.  A  drop  of 
moisture  was  expressed  from  the  die  during  the  pressing.  The  potassium  nitrate  sample 
pressed  with  13350  N  (3000  pounds)  resulted  in  a  sample  calculated  as  99.3%  of  crystal 
density  with  no  correction  for  retained  water  and  no  effort  at  forced  drying.  The  energetic 
material  was  moistened  in  a  plastic  bag  using  an  atomizer  to  spray  the  powered  sample. 
The  bag  was  shaken  to  distribute  the  droplets  thru  the  sample.  Approximately  2%  water 
was  added.  The  moisture  was  allowed  to  diffuse  thru  the  sample  enclosed  in  the  bag  for 
at  least  an  hour  before  press  runs. 

The  moistened  powder  was  loaded  into  the  die  with  manual  compaction.  One 
plunger  was  in  tire  die  in  a  fixed  position  to  dete'mine  the  quantity  of  material  used.  The 
die  assembly  was  completed  and  it  was  loaded  into  the  press.  The  force  on  the  die 
plunger  was  raised  to  17800  N  (4000  pounds)  over  a  time  period  of  thirty  seconds  and 
held  there  for  the  remainder  of  a  five  minute  cycle.  After  the  die  was  removed  from  tire 
press  and  disassembled,  a  large  mechanical  press  was  used  to  push  the  sample  from  tire 
die.  The  samples  all  had  a  diameter  of  about  6  mm  and  lengths  in  the  range  25  -  31  rum. 
The  pressing  force  applied  to  tire  die  and  the  resulting  average  densities  and  standard 
deviations  for  the  samples  are  given  in  Table  1.  In  most  cases  a  droplet  of  water  was 
expressed  from  tire  die  during  pressing.  Noticeably  less  water  was  expressed  with  the 
black  powder  samples. 

The  samples  were  burned  in  a  uniaxial  mode  in  a  windowed  chamber  pressurized 
to  the  desired  level  with  nitrogen.  The  samples  were  oriented  with  axis  vertical  and 
ignited  at  the  top  end  with  a  hot  wire.  The  bum  was  recorded  with  video  equipment  and 
the  rate  data  were  obtained  from  digitized  position  versus  time  data,  which  were  fitted  with 
a  linear  least-squares  line  routine.  The  rate  datum  was  obtained  as  the  slope  of  this  line. 
The  rate  data  for  the  various  pressures  were  fitted  to  the  usual  power-law  expression  and 
summarized  in  Table  2.  The  bum  rate  data  plots  are  presented  in  Figure  1  for  a  pressure 
range  of  2  MPa  to  4  MPa  (300  psi  to  600  psi).  As  shown  in  the  plots,  the  anthraQavic  acid 
substitute  is  nearest  to  the  Goex  in  bum  rate  over  this  pressure  range. 

Figure  2  shows  an  example  of  the  position/time  plot  from  which  the  rate  datum  is 
obtained.  The  agreement  of  the  points  and  the  line  gives  a  notion  of  the  steadiness  of  the 
bum.  In  general,  the  hums  of  all  the  substitutes  and  the  Goex  samples  were  very  regular 
after  the  ignition  perturbation  smoothed  out  The  Pyrodex  samples  were  somewhat  more 
irregular  in  their  steadiness. 
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Figure  1.  Pressed-Stick  Burning  Rates 
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J  Table  1.  Measured  Densities  of  Pressed  Samples  | 

MATERIAL 

DIE  FORCE  (N) 

DENSITY  (g/cc) 

#  SAMPLES 

Phenolpthalein 

17800 

1.8371  ±  .0049 

14 

Phenolpthalein 

8900 

1.8656  ±  .0004 

2 

Fluorescein 

17800 

1.9546  ±  .0076 

20 

Anthraflavic  Acid 

17800 

1.9601  ±  .0057 

20 

Isopthalic  Acid 

17800 

1.8921  ±  .0063 

20 

Goex  BP 

17800 

1.9294  ±  .0062 

20 

Goex  BP 

13350 

1.9135  ±  .0085 

2 

Goex  BP 

8900 

1.9161  ±  .0028 

3 

Pyrodex 

17800 

1.8525  ±  .0055 

10 

Table  2.  Parameters  of  Burning-Rate  Law  r(cm/s)  =  b  Pn(MPa) 

MATERIAL 

COEFFICIENT  b 

-r,-  T - ,  ^ - r  j 

EXPONENT n 

Goex  Black  Powder 

2.014 

0.2126 

Phenolpthalein 

1.512 

0.1828 

Fluorescein 

1.273 

0.2997 

Anthraflavic  Acid 

1.773 

0.2875 

Isopthalic  Acid 

0.7727 

0.3455 

Pyrodex 

0.9940 

0.4680 

4.  GRANUIAR-MATERIAL  COMBUSTION  TESTS 

Laboratory-fixture  tests  were  desired  in  order  to  bum  the  materials  under 
conditions  approximating  those  found  in  the  hand-held  signal  flare.  Two  fixtures  were 
made.  One  fixture  was  designed  to  examine  the  expeliing-charge  combustion  phase.  The 
other  fixture  was  made  to  examine  the  rocket-motor  igniting-charge  combustion. 

The  igniting-charge  test  fixture,  Figure  3,  examines  a  small  high  velocity  jet 
impinging  against  the  material  to  be  ignited  here  simulated  by  the  heat  sensor,  Figure  4. 
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Figure  3.  Igniting-Charge  Test  Fixture 
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Figure  4.  Heat  Sensor,  Thermocouple  Assembly 
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The  expelling-charge  fixture,  Figure  5,  is  intended  to  examine  the  pressurization 
and  heat  transfer  during  the  payload-deployment  phase.  The  venting  of  the  combustion 
products  is  adjustable  by  using  shims  of  various  thickness  at  the  "top"  of  the  chamber. 
The  shims  used  for  the  test  sequence  reported  here  were  0.254  mm  (0.010  in.)  stainless 
steel. 


Pressure  instrumentation  consisted  of  a  Kistler  Pressure  Transducer  Model  21 1B2 
with  a  Piezotron  5120  Coupler. 

Devices  were  desired  which  would  examine  the  relative  heat  transfer  from  the 
propellant  products  under  several  of  the  conditions  encountered  in  the  flare.  Wall  heat 
transfer,  as  in  the  expelling  charge  fixture  would  be  characterized  by  relatively  low 
velocity  combustion  products.  For  the  ignition  fixture,  a  jet  of  particle  loaded  combustion 
products  would  impact  a  surface  at  normal  incidence.  The  heat  sensors  for  both  fixtures 
consisted  of  discs  of  copper  exposed  to  the  combustion  gases  on  one  side.  The  copper 
disc  is  supported  by  a  ceramic  cylinder  with  a  1.6  mm  (1/16  inch)  hole  along  the  axis. 
A  0.127  mm  (0.005  inch)  wire  chromel/alumel  thermocouple  in  a  1.6  mm  (1/16  inch) 
alumina  thermocouple  tube  is  inserted  in  the  ceramic  support  and  butts  against  the 
atmospheric  pressure  side  of  the  copper  disc.  A  ballpoint-pen  spring  was  used  to  tension 
the  thermocouple  tube  against  the  copper  disc. 

For  the  ignition  charge  test  fixture  12.7  mm  (1/2  inch)  diameter  copper  discs, 
0.64  mm  thick  were  used  in  the  heat  sensor.  The  position  of  the  thermocouple  is 
troublesome  in  this  fixture.  The  jet  is  small  in  diameter  and  position  shifts  of  the 
thermocouple  off  the  jet  centerline  alters  the  sensed  temperature  rapidly.  Marking  of  the 
components  of  the  heat  sensor  allows  the  parts  to  be  assembled  in  the  same  position 
each  time.  In  tests  with  this  sensor,  an  erosion  dimple  at  the  jet  impact  point  that  is  about 
half  the  thickness  of  the  copper  occurs  for  the  black-powder  shots.  For  the  Pyrodex  shots 
the  erosion  pit  is  somewhat  shallower  and  somewhat  broader. 

For  the  sensor  in  the  expelling-charge  fixture,  the  copper  disc  is  0.12  mm  thick. 
Variations  in  the  shape  and  peak  values  of  the  temperature  curves  in  these  tests  are 
believed  to  be  due  to  the  combustion  product  droplets  flowing  across  the  face  of  the  disc. 
Upon  disassembly  of  the  sensor  after  a  black-powder  shot,  residue  in  the  shape  of  rivulets 
was  observed.  For  the  Pyrodex  shots  some  of  the  examinations  showed  very  little  residue 
on  the  sensor  face. 

Masking  tape  was  used  over  the  hole  between  the  two  major  parts  of  the  chambers 
to  provide  initial  charge  confinement.  This  tape,  to  some  degree,  mimics  the  kraft  paper 
used  in  the  signal  flare.  The  masking  tape  in  the  expelling-charge  fixture  was  slit  at  one 
edge  segement  of  the  hole  so  that  the  tape  would  flop  open  in  a  repetitive  fashion  away 
from  the  heat  sensor. 

Pressure  and  temperature  data  were  recorded  on  a  Nicolet  4094  B2  scope  using 
a  4851  plug-in. 
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Figure  5.  Expel ling-Charge  Test  Fixture 


The  charge  of  powder  for  the  reported  tests  was  set  at  1.000  grams.  Ignition  was 
achieved  with  #40  B&S  gauge  nickel  wire  spot  welded  into  position  atop  the  Beming  seals 
electrodes.  It  was  found  necessary  to  tension  this  wire  during  spot  welding  in  order  to 
obtain  repeatability  in  the  pressure  traces.  For  the  expelling  charge  fixture,  the  chamber 
axis  had  to  be  oriented  horizontally,  with  the  ignition  wire  down,  to  obtain  repeatable 
ignition. 

Based  upon  an  examination  of  the  data  from  the  ignition  fixture  tests,  it  is 
recommended  that  the  charge  of  powder  be  reduced  and  the  fixture  be  redesigned  in 
order  to  lower  the  pressures  obtained  before  additional  tests  are  performed.  As  tested, 
the  pressures  obtained  were  nearly  at  the  damage  point  of  the  gage.  An  improved  seal 
between  the  fixture  segments  would  probably  make  the  pressure  traces  more 
reproducible. 

Table  3  lists  a  summary  of  the  peak  pressure  and  temperature  data  obtained  in  the 
ignition  fixture  and  the  expelling  charge  fixture  for  Goex  Class  5  black  powder  and  for 
Pyrodex  RS  powder.  Samples  of  the  substitute  candidate  powders  were  not  available  in 
the  proper  granulation  for  tests  in  the  flare  fixtures.  The  granulation  of  the  Pyrodex  RS 
powder  is  visibly  finer  than  that  of  the  Goex  Class  5  black  powder.  The  detailed  data  for 
these  shots  is  presented  in  Appendix  A 


Table  3.  Average  Peak  Pressure  and  Temperature  Changes  in  Fixture  Tests 

FIXTURE 

MATERIAL 

AP  (MPa) 

AT  (*C) 

Ignition 

Goex  Black 
Powder 

40.22  ±  1,41 

716  ±  49 

Ignition 

Pyrodex  RS 

51.21  ±  1.18 

667  ±  5 

Expelling-Charge 

Goex  Black 
Powder 

9.70  ±  1.25 

96  ±  31 

Expelling-Charge 

Pyrodex  RS 

6.75  ±  0.93 

78  *  17 

8.  CONCLUSIONS 

Based  upon  the  bum  rate  data,  the  anthrailavic  acid  substitute  might  function  as  a 
direct  replacement  for  the  Goex  black  powder  in  the  2  to  4  MPa  range  expected  in  the 
flare.  The  material  should  be  granulated  to  the  appropriate  size  for  testing  in  the  fixtures. 
The  phenolpthalein  substitute  with  the  lowest  pressure  exponent  obtained  in  these  tests 
deserves  testing  with  probable  granulation  adjustment. 

The  isopthalic  acid  mixture  as  tested  in  the  strand  burner  produced  large  droplets 
of  residue  that  tended  to  plug  the  vents  of  the  chamber.  This  is  probably  due  to  the  much 
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lower  bum  rate  of  the  material.  This  material  may  be  of  special  interest  as  an  igniter 
material  in  other  applications. 

The  Pyrodex  gave  slightly  higher  pressures  in  the  ignition  fixture  tests  and  lower 
pressures  in  the  expelling  charge  fixture. 

Before  additional  tests  are  performed  with  the  ignition  fixture,  it  is  recomended  that 
the  charge  of  powder  be  reduced  and  that  the  chamber  be  modified  to  lower  the  peak 
pressures  that  are  obtained. 
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APPENDIX.  DATA  FROM  FIXTURE  COMBUSTION  TESTS 
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APPENDIX:  DATA  FROM  FIXTURE  COMBUSTION  TESTS 


Table  A-i.  Ignition-Fixture  Data 

MATERIAL 

RUN# 

AP  (MPa) 

AT  (#C) 

DISC  MASS 

(g) 

Goex  BP 

48 

41.0 

771 

0.725 

Goex  BP 

49 

41.8 

686 

0.731 

Goex  BP 

50 

37.; 

697 

0.733 

Goex  BP 

51 

41.0 

634 

0.725 

Goex  BP 

52 

40.3 

762 

0.741 

Goex  BP 

53 

39.8 

746 

0.730 

Pyrodex  RS 

59 

— 

562 

0.750 

Pyrodex  RS 

60 

52.2 

570 

— 

Pyrodex  RS 

61 

48.8 

570 

0.736 

Pyrodex  RS 

62 

51.7 

562 

0.728 

Pyrodex  RS 

63 

52.4 

565 

0.745 

Pyrodex  RS 

64 

I  50.8 

574 

0.738 

Pyrodex  RS 

65  1 

51.4 

— 

0.745 
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Table  A-2.  Expellmg-Charge  Fixture  Data 

MATERIAL 

. 

RUN# 

AP  (MPa) 

AT  (*C) 

Goex  BP 

34 

9.30 

100 

Goex  BP 

35 

11.22 

1.32 

Goex  BP 

36 

9.51 

128 

Goex  BP 

37 

10,81 

54 

Goex  BP 

73 

7.67 

68 

Pyrodex  RS 

66  1 

6.14 

90 

Pyrodex  PS 

67 

8.18 

73 

Pyrodex  RS 

68 

6.36 

63 

Pyrodex  RS 

69 

7.90 

82 

Pyrodex  RS 

70 

6.04 

85 

Pyrodex  RS 

71 

5.86 

106 
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Figure  A-l.  Igniting-Charge  Test  Fixture  Data  for  Goex  Black  Powder  [Run  48] 
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Figure  A-3.  Igniting-Charge  Test  Fixture  Data  for  Goex  Black  Powder  [Run  50] 
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Figure  A-4.  Igniting-Charge  Test  Fixture  Data  for  Goex  Black  Powder  [Run  51] 
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Figure  A-6.  Igniting-Charge  Test  Fixture  Data  for  Goex  Black  Powder  [Run  53] 
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Figure  A-7.  Igniting-Charge  Test  Fixture  Data  for  Pyrodex  RS  [Run  59] 
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Figure  A-9.  Igniting-Charge  Test  Fixture  Data  for  Pyrodex  RS  [Run  61] 
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Figure  A- 10.  I gni ting-Charge  Test  Fixture  Data  for  Pyrodex  RS  [Run  62] 
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Figure  A-ll.  Ignit ing-Charge  Test  Fixture  Data  for  Pyrodex  RS  [Run  63] 
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Figure  A-12,  Igni ting-Charge  Test  Fixture  Data  for  Pyrodex  RS  [Run  64] 
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Figure  A- 14.  Expel  1 ing-Charge  Test  Fixture  Data  for  Goex  Black  Powder  [Run  34] 
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Figure  A-15.  Expelling-Charge  Test  Fixture  Data  for  Goex  Black  Powder  [Run  35] 
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Figure  A-17.  Expel ling-Charge  Test  Fixture  Data  for  Goex  Black  Powder  [Run  37] 
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Figure  A-18*  Expel ling-Charge  Test  Fixture  Data  for  Goex  Black  Powder  [Run  73] 
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A-22.  Expel ling-Charge  Test  Fixture  Data  for  Pyrodex  RS  [Run  69] 


200. 


[  3  ]  3UniVU3dW31 


41 


Figure  A-23-  Expel ling-Charge  Test  Fixture  Data  for  Pyrodex  RS  [Run  70] 
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Figure  A-24.  Expel ling -Charge  Test  Fixture  Data  for  Pyrodex  RS  [Run  71] 
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No  Of 
Copies 


2  Administrator 

Defense  Technical  Info  Center 
ATTN:  DTIC-DDA 
Cameron  Station 
Alexandria,  VA  22304-6145 

1  HQDA  (SARD-TR) 

WASH  DC  20310-0001 

1  Commander 

US  Army  Materiel  Command 
ATTN:  AMCDRA-ST 
5001  Esenhower  Avenue 
Alexandria,  VA  22333-0001 


1  Commander 

US  Army  Missile  Command 
ATTN:  AMSMI-RD-CS-R  (DOC) 

Redstone  Arsenal,  AL  35898-5010 

1  Commander 

US  Army  Tank-Automotive  Command 
ATTN:  AMSTA-TSL  (Technical  Library) 
Warren,  Ml  48397-5000 

1  Director 

US  Army  TRADOC  Analysis  Command 
ATTN:  ATRC-WSR 

White  Sands  Missile  Range,  NM  88002-5502 


1  Commander  «"*»>  1  Commandant 

US  Army  Laboratory  Command  US  Army  Infantry  School 

ATTN:  AMSLC-DL  ATTN:  ATSH-CD  (Security  Mgr.) 

Adelphi,  MD  20783-1145  Fort  Banning,  GA  31905-5660 


2  Commander  tuwhM.  only)  i  Commandant 

US  Army,  ARDEC  US  Army  Infantry  School 

ATTN:  SMCAR-IMI-!  ATTN:  ATSH-CD-CSO-OR 

Picatinny  Arsenal,  NJ  07806-5000  Fort  Banning,  GA  31SQ5-5660 


2  Commander 
US  Army,  ARDEC 
ATTN:  SMCAR-TDC 
Picatinny  Arsenal,  NJ  07806-5000 

1  Director 

Benet  Weapons  Laboratory 
US  Army,  ARDEC 
ATTN:  SMCAR-CCB-TL 
Watervliet,  NY  12189-4050 

1  Commander 

US  Army  Armament,  Munitions 
and  Chemical  Command 
ATTN:  SMCAR-ESP-L 
Rock  Island.  IL  61299-5000 

1  Director 

US  Army  Aviation  Research 
and  Technology  Activity 
ATTN:  SAVRY-R  (Library) 

M/S  219-3 

Ames  Research  Center 
Moffett  Field,  CA  94035-1000 


1  Air  Force  Armament  Laboratory 
ATTN:  AFATL/DLODL 
EgBn  AFB,  FL  32542-5000 


2  Dir,  USAMSAA 

ATTN:  AMXSY-D 

AMXSY-MP,  H.  Cohen 
1  Cdr,  USATECOM 

ATTN:  AMSTE-TD 

3  Cdr.  CRDEC,  AMCCOM 

ATTN:  SMCCR-RSP-A 
SMCCR-MU 
SMCCR-MSI 

1  Dir,  VLAMO 

ATTN:  AMSLC-VL-D 
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No.  of 

Copies  Organization 

4  Commander 

US  Army  Research  Office 
ATTN:  R.  Ghirardelli 

D.  Mann 
R.  Singleton 
R. Shaw 
P.O.  Box  12211 
Research  Triangle  Park,  NC 
27709-2211 

2  Commander 

US  Army,  ARDEC 

ATTN:  SMCAR-AEE-B,  D.S.  Downs 

SMCAR-AEE,  J.A.  Lannon 
Pica  tinny  Arsenal,  NJ  07805-5000 

1  Commander 

US  Army,  ARDEC 

ATTN:  SMCAR-AEE-BR,  l.  Harris 

Pic&tinny  Arsenal,  NJ  07806-5000 

2  Commander 

US  Army  Missile  Command 
ATTN:  AMSM1-RK, 

DJ.  Ifshin 
W.  Wharton 

Redstone  Arsenal,  AL  35898 

1  Commander 

US  Army  Missile  Command 
ATTN:  AMSM1-RKA,  AR.  Maykut 

Redstone  Arsenal,  AL  35896-5249 

1  Office  of  Naval  Research 
Department  of  the  Navy 
A  im  U  S.  Miller,  Go tie  432 
800  N.  Quincy  Street 
Arlington,  Va  22217 

1  Commander 

Naval  Air  Systems  Command 
ATTN:  J.  Rsmnarace, 

AIR-541 11C 
Washington,  DC  20360 

2  Commander 

Naval  Ordnance  Station 
ATTN:  J.E.  Rate 
F.  Vnlcnu 

Indian  Head,  MD  2064O-SQ00 

I  Commander 

Naval  Surface  Warfare  Center 
AT1N:  J.L  East,  Jr.,  Q-23 

Dahlgren,  VA  22448-5000 


No.  of 

Conies  Organization 

2  Commander 

Naval  Surface  Warfare  Center 
ATTN:  R.  Bcrnecker,  R-13 

G.B.  Wilmot,  R-16 
Silver  Spring,  MD  20903-5000 

5  Commander 

Naval  Research  Laboratory 
ATTN:  M.C.  Lin 

J.  McDonald 
R  Oran 
J.  Shnur 

RJ.  Doyle,  Code  61 10 
Washington,  DC  20375 

1  Commanding  Officer 
Naval  Underwater  Systems 
Center  Weapons  Dept. 

ATTN:  R.S.  Lazar/Oodc  36301 

Newport,  R1  02840 


2  Commander 

Naval  Weapons  Center 
ATTN:  T.  Boggs,  Code  388 

T.  Parr,  Code  3895 
China  Lake,  CA  93555-6001 

1  Commander 

Naval  Weapons  Support  Genicr 
A1TN:  B.  Dooda,  Code  SO 
Qaoc,  IN  47522-5050 

1  Superintendent 

Naval  Postgraduate  School 
Dept,  of  Aeronautics 
ATTN:  D.W.  Ncuer 

Monterey,  CA  93940 

3  AL/LSCF 

ATTN:  R.  Oxley 

R.  Gcister 
J.  Levine 

Edwards  APB,  CA  93523-5000 

1  AL/MKPB 

ATTN:  B.  Gothprian 

Edwards  ART,  CA  93523-5000 

1  AFOSR 

ATTN:  J.M.  Tlshkoff 

Bolling  Air  Force  Base 
Washington,  DC  20332 
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No.  of 

Copies  Organization 


No.  of 

Copies  Organization 


1  OSD/SDIO/IST 
ATTN:  L  Caveny 

Pentagon 

Washington,  DC  20301-7100 

1  Commandant 
USAFAS 

ATTN:  ATSF-TSM-CN 
Fort  Sill,  OK  73503-5600 

1  FJ.  Seiler 

ATTN:  SA.  Shackleford 

USAF  Academy,  CO  80840-6528 

1  University  of  Dayton  Research  Institute 
ATTN:  D.  Campbell 

AL/PAP 

Edwards  AFB,  CA  93523 
1  NASA 

Langley  Research  Center 
Langley  Station 

ATTN:  G.B.  Northam/MS  168 

Hampton,  VA  23365 

4  National  Bureau  of  Standards 
ATTN:  J.  Hastie 

M.  Jaccw 
T.  Kashiwagi 
H,  Semeijian 

US  Department  of  Commerce 
Washington,  DC  20234 

1  Aerojet  Solid  Propulsion  Co. 

ATTN:  P.  Michcli 

Sacramento,  GA  95813 

1  Applied  Combustion  Technology,  Inc. 

ATTN:  A.M.  Vamt; 

P.O.  Box  607885 
Orlando,  FL  32860 

2  Applied  Mechanics  Reviews 
The  American  Society  of 

Mechanical  Engineers 
ATTN:  R.E  White 

A.B.  Wenzel 
345  E  47th  Street 
New  York,  NY  h,  7 

1  Atlantic  Research  Corp. 

ATTN:  M.K.  King 

5390  Cherokee  Avenue 
Alexandria,  VA  22314 


1  Atlantic  Research  Corp. 

ATTN:  R.H.W.  Waesche 

7511  Wellington  Road 
Gainesville,  VA  22065 

1  AVCO  Everett  Research 
Laboratory  Division 
ATTN:  D.  Stickler 

2385  Revere  Beach  Parkway 
Everett,  MA  02149 

1  Battelle  Memorial  Institute 
Tactical  Technology  Center 
ATTN:  J.  Huggins 

505  King  Avenue 
Columbus,  OH  43201 

1  Cohen  Professional  Services 
ATTN:  N.S.  Cohen 

141  Channing  Street 
Redlands,  CA  92373 

1  Exxon  Research  &  Eng.  Co. 
ATTN:  A.  Dean 

Route  22B 

Annandt.e,  NI  08801 

1  Ford  Aerospace  and 
Communications  Corp. 
DIVAD  Division 
Div.  Hq.,  Irvine 
ATTN:  D.  Williams 

Main  Str  eet  St  Ford  Road 
Newport  Beach,  CA  92663 

1  General  Applied  Science 
Laboratories,  Inc. 

77  Raynor  Avenue 
Roakoakama,  NY  11779-6649 

1  General  Electric  Ordnance 

Systems 

ATTN:  J.  Mandzy 

100  Plastics  Avenue 
Pittsfield,  MA  01203 

2  General  Motors  R&ch  Labs 

Physics  Department 
ATfN:  T.  Sloan 

R.  Trets 
Warren,  MI  48090 
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No.  of 

Copies  Organization 

2  Hercules,  Inc. 

Allegneny  Ballistics  Lab. 
ATTN:  W.8.  Walkup 

EA.  Yount 
P.O.  Box  210 

Rocket  Center,  WV  26726 

1  Honeywell,  Lie. 

Government  and  Aerospace 
Products 

ATTN:  D.E  Broden/ 

MS  MN50-2000 
600  2nd  Street  NE 
Hopkins,  MN  55343 

1  Honeywell,  Inc. 

ATTN:  R.E  Tompkins 

MN38-33Q0 

10400  Yellow  Qrcle  Drive 
Minnetonka,  MN  55343 

1  IBM  Corporation 
ATTN:  A.C.  Tam 

Research  Division 
5600  Cottle  Road 
San  Jose,  CA  95193 

1  liT  Re&jarcb  Institute 
ATTN:  RJF.  Rsmaly 

10  West  35th  Street 
Chicago,  IL  60616 

1  INAAP 

ATTN:  D.  Tinned 

Highway  62 

Charlestown,  IN  471 11 

2  Director 
Lawrence  Livermore 

National  Laboratory 
ATTN:  C  Westbrook 

M.  Costamino 
P.O.  Box  806 
Livermore,  CA  945S0 


No.  of 

Copies  Organization 

1  National  Science  Foundation 
ATTN:  A.B.  Harvey 

Washington,  DC  20550 

1  Olin  Ordnance 

ATTN:  V,  McDonald,  Library 

P.O.  Box  222 

St  Marks,  FL  32355-0222 

1  Paul  Gough  Associates,  Inc. 

ATTN:  P.S.  Gough 

1048  South  Street 
Portsmouth,  NH  03801-5423 

2  Princeton  Combustion 

Research  Laboratories,  Inc, 
ATTN:  M.  Sumraerfield 

NA  Messina 
475  US  Highway  One 
Monmouth  Junction,  NJ  08852 

1  Hughes  Aircraft  Company 
ATTN:  T.E  Ward 

8433  Fallbrook  Avenue 
Canoga  Park,  CA  91303 

1  Rockwell  International  Corp. 
RockeWyfts  Division 
ATTN:  J-E  Flanagan/HBG2 

6633  Ganoga  Avenue 
Gapoga  Park,CA  91304 

4  Sondla  National  Laboratories 
Division  8354 
ATTN:  R.  Cauotica 

S.  Johnston 
P.  Mauerst 
D.  Stephenson 
Uvcrmore,  CA  94S50 

1  Science  Applications,  Inc. 

ATTN:  R.B,  Eddman 

23146  Cumorah  Great 
Woodland  Hills,  CA  91364 


1  Lockheed  Misdlcs  &  Space  Co. 
ATTN:  George  Lo 
3251  Hanover  Street 
Dipt,  52-351820472 
Palo  Alio,  CA  94304 

1  Los  Alamos  National  lab 
ATTN:  B.  Nichols 

T7,  MS-0284 
P.O.  Box  1663 
Los  .Alamos,  NM  87545 


3  SR!  Inicraatiorvii 
ATTN:  G.  Smith 

D.  Crosley 
D.  Golden 

333  RaveoswbtW  Avcnt'C 
Menlo  Park,  CA  94025 

l  S'erens  Institute  of  Tech. 
Davidson  Laboratory 
ATTN:  R.  McAlevy,  HI 

Hoboken,  NJ  07030 
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1  Sverdrup  Technology,  Inc. 

LERC  Group 

ATTN:  RJ.  Locke,  MS  SVR-2 

2001  Aerospace  Paikway 
Brook  Park,  OH  44142 

1  Thiokoi  Corporation 
Elkton  Division 
ATTN:  ST.  Palopoli 

P.O.  Bax  241 
Eikton,  MD  21921 

1  Morton  Thiokoi,  Inc. 

Huntsville  Division 
ATTN:  J.  Deur 

Huntsville,  AL  35807-7501 

1  Morton  Thiokoi,  Inc. 

ATTN:  D.  Dillchzy 
P.O.  Bax  1149 
Marshall,  TX  75611 

3  Thiokoi  Corporation 
Wasatch  Division 
ATTN:  SJ.  Bennett 

P.O.  Box  524 
Brigham  City,  UT  84302 

1  United  Technologies  Research  Center 
ATTN:  AC  Eckbretfc 

East  Hartford,  CT  06108 

3  United  Technologies  Corp. 

Chemical  Systems  Division 
ATTN:  R.S.  Brawn 

TJD.  Mya^s  (2  copies) 

p.o.  Bax  mm 

San  lose,  CA  93161-9028 

1  Universal  Propulsion  Company 
ATTN;  HJ.  McSpaddeo 
Black  Canyon  Stage  1 
Bat  1140 

Phoenix,  AZ  85029 

1  V«iuy  Technology,  list. 

ATTN:  EB.  Fisher 
4S4S  Miltersport  Highway 
P.O.  Box  305 

East  Amherst,  NY  14Q51-030S 

1  Brigham  Young  University 
Dept  of  Chemical  Engineering 
ATTN:  M.W,  Becksteao 

Provo,  UT  84058 


No.  of 

Copies  QrCTigfttjga 

1  California  Institute  of  Tech. 

Jet  Propulsion  Laboratory 
ATTN:  L.  Strand/MS  512/102 

4800  Oak  Grove  Drive 
Pasadena,  CA  91009 

1  California  Institute  of 
Technology 

ATTN:  F.E.C.  Cuiick/ 

MC  301-46 
204  Kartnan  Lab. 

Pasadena,  CA  91125 

1  University  oi  California 
Los  Alamos  Scientific  Lab. 

P.O.  Box  1663,  Mail  Stop  B216 
Los  Alamos,  NM  87545 

1  University  of  California, 

Berkeley 

Chemistry  Deparment 
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